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Vertical and horizontal coordinate information is referenced to the World Geodetic System of 1984 (WGS 84).
Elevation, as used in this report, refers to distance above the vertical datum.
Introduction
Afghanistan has many mineral areas of interest ( fig. 1 ) that may be a source of economic opportunity for the country (Peters and others, 2007; 2011) . Water is needed both for mining processes and to support the communities and related industries that may develop around a mining economy. Mining activities generally require large volumes of processing water, which may be obtained most economically from surface-water sources. Estimates of streamflow statistics are needed to assess whether sufficient water is likely to be available in local streams at various times of the year for both mining and community needs. Streamflow statistics, based on data collected from the mid-1940s to 1980, are available for 150 of 174 historical streamgaging sites in Afghanistan that were operated by the Afghanistan Ministry of Energy and Water (Olson and Williams-Sether, 2010; Williams-Sether, 2008; Vining, 2010) . In some mineral areas of interest, however, no historical gages are present (fig. 1) ; therefore, methods for estimating streamflow characteristics in these areas are needed. Mineral areas of interest ( fig. 1 ) identified by the U.S. Geological Survey (USGS) and the Afghanistan Geological Survey (AGS) (Peters and others, 2007) were the subject of additional study as part of a cooperative investigation of the USGS and the U.S. Task Force for Business and Stability Operations (TFBSO) from 2009 to 2011 (Peters and others, 2011) . As part of this investigation, the USGS conducted field investigations and preliminary hydrologic site assessments, including estimation of surface-and groundwater resources at the mineral areas of interest. This report documents a technique for estimating streamflow statistics, primarily low to average flows, at ungaged sites in these areas. The technique, a drainage-area ratio equation with empirical factors derived by regression, was applied in a parallel investigation which provides estimates of streamflow statistics for selected mineral areas of interest in Afghanistan (Peters and others, 2011) . Streamflow statistics generated with this technique, together with geologic data and other information, can be used by resource managers in Afghanistan to make economic decisions concerning the mineral areas of interest.
Streamgages Used for Estimation of Streamflow Statistics
Streamflow measurements in Afghanistan were first made at a few gaged locations in the mid1940s. The number of streamgages increased over the years until the late 1970s, when Afghanistan had a network of approximately 160 sites. Streamflow measurements were discontinued soon after the Soviet invasion of Afghanistan in 1979. In 2005, three historical streamgages were re-established, and currently (2011) much of the historical network is in the process of being re-established by the Afghanistan Ministry of Energy and Water (MEW) . No recent streamflow data were available for this study, however, and only data collected prior to 1980 were used in this analysis.
Of the 150 streamgages for which historical streamflow data were available, several criteria limited the number of eligible streamgages used in development of the technique for estimating streamflow statistics to 97. The first criterion required that streamflow at the gage be only minimally impacted by human activities. This criterion eliminated several streamgages that were located downstream from reservoirs, as well as many streamgages that were located within or downstream from areas of extensive irrigation. Because irrigation, which is common in Afghanistan, may complicate streamflow statistics, a criterion was established that basins in which greater than 10 percent of the area was classified as irrigated land (Afghanistan Information Management Service, 1997) were eliminated from the analyses. Additionally, streamgages whose basins are in the southwestern plains regions were eliminated from analysis because runoff characteristics in these basins are typically dominated by losses to groundwater and can be significantly different from the characteristics of streamflow in the mountainous basins that cover much of Afghanistan.
Another criterion was related to the minimum number of years of streamflow data available at a streamgage. For estimating flow-duration statistics, monthly and annual means, and monthly minimums, streamgages with as few as 4 complete water years of data collection were used in the analyses. The minimum number of years of available data used for streamflow estimation studies is typically 10, but the number of sites used in this analysis would have been severely limited had that criterion been used.
The number of streamgages used in the final analyses was further reduced because streamgages having streamflow values equal to zero for the selected flow characteristics were removed from the analyses. This criterion was necessary because of the strong relation that exists between basin characteristics and the logarithm of streamflow values, and the fact that the logarithm of zero does not exist. After all these criteria were met, the number of streamgages used in the analyses was (1) 89 streamgages for flow duration, (2) 93 streamgages for mean monthly streamflow and mean annual streamflow, and (3) 83 streamgages for minimum mean monthly streamflow. Of the 93 streamgages, 21 had more than 15 years of record, 32 had 10 to 15 years of record, and 40 had less than 10 years of record. The streamgages used in the analyses are listed in table 1.
The streamflow statistics that were used in this analysis can be found in Williams-Sether (2008), Olson and Williams-Sether (2010), and Vining (2010) ; the exception is 7-day low-flow annual series for each streamgage, which were computed from the daily mean streamflows available in the USGS National Water Information System database at http://waterdata.usgs.gov. 
Basin Characteristics for Gaged and Ungaged Locations
Drainage-basin boundaries for the streamgages were determined using a Geographic Information System (GIS) and a digital flow-direction grid derived from a 90-meter digital elevation model of Afghanistan (Chirico and Barrios, 2005) . Additional dimensional basin characteristics were computed with ArcHydro software (Environmental Systems Research Institute, Inc., 2008) , also using the digital elevation model. Gridded precipitation data published by the International Institute of Applied Systems Analyses (Leemans and Cramer, 1991) were used to determine the precipitation characteristics for each streamgage. The basin characteristics for the streamgages used in the study are shown in appendix 1 (at end of report) and may differ from characteristics reported by other studies.
Estimation of Streamflow Statistics at Ungaged Locations
Methods for estimating streamflow statistics at ungaged stream sites in mineral areas of interest were developed using a drainage-area-ratio technique, with empirical factors derived by using selected gages from the historical network, and individual historical gages. Although more detailed regression analyses that included regional, topographic, and estimated climatic variables were also examined during this study, the standard errors of regression and resulting flow statistics indicated that such an analysis could not be justified without additional, higher quality input data.
For an ungaged site, streamflow statistics can be generated using nearby historical gages where available or, if no gage is near the ungaged site, a historical gage in a similar setting. One or more historical gages are present upstream or downstream from several of the mineral areas of interest. In this case, logarithmic interpretations, based on ratios of gaged to ungaged drainage areas, can be used to estimate streamflow statistics at an ungaged site. Estimates of streamflow statistics generated using the methods discussed in this report, and data from various historical gages, were used in a parallel investigation assessing mineral areas of interest in Afghanistan (Peters and others, 2011) . Because the generated streamflow statistics use historical data for basins that may differ in size and hydrologic setting from those of the ungaged site, no information is available with which to assign a confidence to the streamflow statistics at the ungaged site.
Equations for Estimation of Streamflow Statistics at Ungaged Locations
The drainage-area-ratio technique is a useful method for estimating streamflow statistics when one or more streamgages are present in the vicinity of, or in an area with characteristics similar to those of, the area containing the ungaged location of interest. Typically, the drainage area of the ungaged point of interest is limited to being within a certain percentage of the drainage area of the streamgage. Published limits for this technique vary, but the rule of thumb most commonly used is to limit the size of the drainage area of the ungaged point of interest to ±50 percent of the size of the drainage area of the streamgage.
The following equation is used:
where A u and A g are the drainage areas of the ungaged and gaged locations, respectively, and Q u and Q g are the streamflows at the ungaged and gaged locations, respectively. The technique relies on the relation commonly found between drainage area and streamflow. This relation is typically more linear when logarithmic units are used ( fig. 2) . The mean relation between drainage area and streamflow in logarithmic units is determined by regression for each streamflow statistic. These logarithmic relations are then used in the equation
where x is the slope of the relation between drainage area and streamflow in logarithmic units determined by regression. The exponent, x, can be found in table 2 for each of the streamflow statistics. 
Application of Streamflow Statistics at Ungaged Locations
Streamflow statistics for an ungaged location can be estimated using equation 2 to provide some probable estimates of flow in a mineral area of interest. Ideally, the historical streamgage selected for use with equation 2 would be on the same stream as the ungaged location, with no intervening regulation. In practice, the streamgage used to calculate a streamflow statistic at an ungaged site may not be on the same stream and may not have the same size drainage area. The best choice for a gage would be a nearby gage with similar basin characteristics or, if there are no nearby gages, a gage in a similar region of the country (north, south, east, or west) with similar geohydrologic characteristics. For example, to estimate streamflow statistics at an ungaged stream in the mineral area of interest number 6 ( fig. 1) , the Dusar-Shaida copper and tin mineral area of interest (Peters and others, 2007) , one of the two historical streamgages at the eastern boundary of the area of interest, the Adraskan River at Adraskan or the Rud-i-Gaz River near Adraskan (table 1, appendix 1), would likely be the most representative historical gage for use with this method because of its proximity to the estimation point. Using a historical mean annual streamflow of 6.53 m 3 /s for the Adraskan River, a 1,950-km 2 drainage area, and an exponent of 1.04 for mean annual discharge (table 2) with equation 2, the mean annual flow for a stream with a 2,900-km 2 drainage area in the Dusar-Shaida area of interest is estimated to be about 9.9 m 3 /s. Statistical summaries of streamflow data for all available historical gages in Afghanistan can be accessed at http://afghanistan.cr.usgs.gov/water.php.
Limitations of Streamflow Statistics at Ungaged Locations
The analyses presented in this report were based on streamflow records that, for some streamgages, were shorter than those typically used in such analyses. It was necessary to include gages with short periods of record (less than 10 years) in the analyses in order to include characteristics of streamflow in all areas of the country. In addition, the periods of record of the gages used in the analyses were not necessarily concurrent. Moreover, most of the streamflow data that were used in this study were collected in the 1960s and 1970s; it is not known whether this time period is representative of the long-term hydrology of the region, nor how streamflow may have been affected by climatic variations over time. Any climatic changes that may have occurred since 1980 may further limit the accuracy of the estimated streamflow statistics. For these reasons, streamflow statistics calculated using the equations presented in this report are considered preliminary and should be used with an understanding that they may not accurately represent the streamflow in the basin of interest. Improved streamflow statistics can be developed when additional streamflow and climatic data become available.
This technique for estimating streamflow statistics is applicable only to basins that are hydrologically similar to those used in the development of the drainage-area-ratio relations. Therefore, the technique may not be suited for use with regulated streams in basins that consist of more than 10 percent irrigated land. Furthermore, the equations can only be reasonably used to estimate streamflow statistics for sites whose basins have characteristics that are within the range of basin characteristics used in the development of the equations. The ranges of basin characteristics used in the analysis are shown in appendix 1. If the characteristics of basins of ungaged sites are outside these ranges, the results are considered extrapolations.
Summary
This report documents a technique for estimating streamflow statistics at ungaged sites in mineral areas of interest in Afghanistan. The technique produces equations that can be used to estimate streamflow statistics at an ungaged site using a ratio of its drainage area to the drainage area of a hydrologically similar site with known streamflow statistics determined from streamflow data collected at gaged locations in Afghanistan through 1980. Equations incorporating the drainage-area ratio were developed for estimating the (1) 7-day low flow with a 10-year recurrence interval, (2) 7-day low flow with a 2-year recurrence interval, (3) daily mean streamflow exceeded 90 percent of the time, (4) daily mean streamflow exceeded 80 percent of the time, (5) mean monthly streamflow for each month of the year, (6) mean annual streamflow, and (7) minimum monthly streamflow for each month of the year. Improved streamflow statistics could be developed given longer streamflow records and additional climatic data that currently (2011) Drainage area calculated by this study may differ from that reported by other studies.
Precipitation estimates from Leemans and Cramer (1991) . 
